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COMMUNICATION CONTROL METHOD, 
COMMUNICATION APPARATUS, AND 

COMMUNICATION SYSTEM 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

The present application claims priority from Japanese 
Patent Application No. JP 2007-316210, ?led in the Japanese 
Patent O?ice on Dec. 6, 2007, the entire content of Which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a communication control 

method, a communication apparatus, and a communication 
system. In particular, the present invention relates to a com 
munication apparatus, a communication system, and a com 
munication control method employed in a communication 
interface coupling apparatus that includes a primary commu 
nication interface and a plurality of relay communication 
interfaces and Which transfers a transmission/reception frame 
of the primary communication interface (i.e., a frame 
received and transmitted by the primary communication 
interface) through one of the plurality of relay communica 
tion interfaces. 

2. Description of the Related Art 
In recent years, use of information providing services built 

on Wide area netWorks typi?ed by the Internet has become 
Widespread, and doWnload of large-siZe data ?les, delivery of 
video streams, and so on have become common. In addition, 
building a netWork system such as a local area netWork 
(LAN) in homes has become common, in Which data com 
munication is performed betWeen devices, such as a televi 
sion receiver and audio equipment, having a data communi 
cation function. 

In the case Where such a netWork system is built in the 
home using a Wired netWork, such as an Ethernet (registered 
brand) network, it is necessary to connect the devices to each 
other using a data communication cable, that is, a trouble of 
Wiring exists, and it is necessary to take measures to hide the 
cable to make the home look pleasing. 
As such, it has become common to build a Wireless netWork 

system using an IEEE 802.1l-compliant Wireless communi 
cation system or the like, for example. 

PoWer line communication (PLC) is also knoWn as a tech 
nology for building a netWork in a building. In the poWer line 
communication, devices that are supplied With poWer via a 
poWer line and Which have a communication capability to 
communicate With each other via the poWer line by superim 
posing a communication signal upon the poWer line. 

While Wired LANS typi?ed by the Ethernet (registered 
brand) LANS offer a transmission rate of more than 100 
Mbps, the construction of the Wired LANS in the homes is not 
so Widespread as in of?ces. As a substitute, use of Wireless 
LANS, poWer line communication LANS, and the like, Which 
are easy to construct, has been becoming Widespread. HoW 
ever, the Wireless LANS, poWer line communication LANS, 
and the like have a draWback such as unstable communication 
quality compared to the Wired netWorks, and still have many 
problems to be solved to accomplish stable, high-quality 
transmission of a large amount of data. 
IEEE 802.3ad link aggregation or the like has standardized 

a technology of virtually grouping a plurality of physical 
interfaces as one logical link to increase the bandWidth in 
order to achieve hi gh-capacity and high-quality transmission 
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2 
With easy implementation. In connection With this technol 
ogy, several methods have been devised for determining a 
path, i.e., one of the plurality of physical interfaces, to Which 
data should be transmitted, in order to secure higher commu 
nication quality. 

JP-A-2007-60494 and JP-T-2007-527170 disclose meth 
ods for determining the path to Which the data should be 
transmitted, as related-art techniques. 

SUMMARY OF THE INVENTION 

In the techniques as described in JP-A-2007-60494 and 
JP-T-2007-527l70 mentioned above, Which are different in 
several respects but basically similar, characteristic informa 
tion concerning each of the plurality of paths is obtained, and 
based on these pieces of information, the optimum path is 
dynamically determined from among the plurality of paths. 
Examples of such information include time stamps, a 
throughput, and information about the communication qual 
ity typi?ed by packet loss information. 

In the above methods, hoWever, it is necessary to acquire 
the information concerning each of the plurality of physical 
interfaces, in order to determine the state of communication 
in each of the plurality of physical interfaces. Accordingly, 
While the above methods might be effective When applied to 
a large-scale router for business use or the like in particular, 
these methods require complicated processing When con 
stantly monitoring the information concerning each of the 
plurality of paths and determining the optimum path. In this 
sense, these methods are overdesigned for application to a 
simple home-use communication apparatus, causing an extra 
cost. 

The present invention addresses the above-identi?ed, and 
other problems associated With conventional methods and 
apparatuses, and provides a communication control method, 
a communication apparatus, and a communication system 
Which alloW a communication interface coupling apparatus 
that includes a primary communication interface and a plu 
rality of relay communication interfaces, and Which transfers 
a transmission/reception frame of the primary communica 
tion interface through one of the plurality of relay communi 
cation interfaces to allocate transmission/reception frames 
among the plurality of relay communication interfaces appro 
pr‘iately, Without the need for a complicated mechanism, to 
secure higher communication quality. 
According to one embodiment of the present invention, 

there is provided a communication control method employed 
by a communication apparatus that includes a primary com 
munication interface and a plurality of relay communication 
interfaces and has a communication interface coupling func 
tion of transferring a transmission/reception frame of the 
primary communication interface through one of the plurality 
of relay communication interfaces, the method including the 
steps of: acquiring tra?ic information concerning the primary 
communication interface; and dynamically varying a transfer 
allocation ratio betWeen the plurality of relay communication 
interfaces based on the traf?c information. 

According to another embodiment of the present invention, 
there is provided a communication apparatus including: a 
primary communication interface; a plurality of relay com 
munication interfaces; and a control section con?gured to 
acquire tra?ic information concerning the primary commu 
nication interface, and dynamically vary a transfer allocation 
ratio betWeen the plurality of relay communication interfaces 
based on the tra?ic information. The communication appara 
tus has a communication interface coupling function of trans 
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ferring a transmission/reception frame of the primary com 
munication interface through one of the plurality of relay 
communication interfaces. 

According to yet another embodiment of the present inven 
tion, there is provided a communication system including two 
or more communication apparatuses, each of the two or more 

communication apparatuses including: a primary communi 
cation interface; a plurality of relay communication inter 
faces; and a control section for acquire tra?ic information 
concerning the primary communication interface, and 
dynamically vary a transfer allocation ratio between the plu 
rality of relay communication interfaces based on the tra?ic 
information. Each of the two or more communication appa 
ratuses has a communication interface coupling function of 
transferring a transmission/reception frame of the primary 
communication interface through one of the plurality of relay 
communication interfaces. Each of the plurality of relay com 
munication interfaces of each of the two or more communi 
cation apparatuses is connected to a corresponding one of the 
plurality of relay communication interfaces of another of the 
two or more communication apparatuses. 

According to the embodiments of the present invention, the 
transfer allocation ratio between the plurality of relay com 
munication interfaces is dynamically varied based on the 
tra?ic information concerning the primary communication 
interface. Thus, it is possible to allocate transmission/recep 
tion frames among the plurality of relay communication 
interfaces appropriately to secure higher communication 
quality, without the need to acquire tra?ic information con 
cerning the plurality of relay communication interfaces indi 
vidually or the need for a complicated mechanism. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating a schematic structure 
of a communication system using a communication interface 
coupling apparatus according to one embodiment of the 
present invention; 

FIG. 2 is a block diagram illustrating an exemplary internal 
structure of the communication interface coupling apparatus 
according to one embodiment of the present invention; 

FIG. 3 is a block diagram illustrating a speci?c example of 
the structure of the communication interface coupling appa 
ratus; 

FIG. 4 is a ?owchart illustrating an exemplary operation of 
controlling a frame transfer allocation ratio between relay 
interfaces according to one embodiment of the present inven 
tion; and 

FIGS. 5A to 5C are time charts illustrating an example of 
the operation of the ?owchart of FIG. 4. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, speci?c embodiments of the present invention 
will be described in detail with reference to the accompanying 
drawings. 

FIG. 1 is a block diagram that schematically illustrates a 
communication system using a communication interface cou 
pling apparatus (a bridge apparatus) as a communication 
apparatus according to one embodiment of the present inven 
tion. 

In FIG. 1, a communication interface coupling apparatus 
100 includes: a control section 105 for at least performing 
communication control; a primary communication interface 
(hereinafter referred to as a “primary interface” or a “primary 
IF” as appropriate) 106 that is connected to a primary com 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
munication network 120 such as the Internet; and a plurality 
of relay communication interfaces (hereinafter referred to as 
“relay interfaces” or “relay IFs” as appropriate), i.e., two 
relay communication interfaces (a relay IF-A 107 and a relay 
IF-B 108) in this embodiment. The communication interface 
coupling apparatus 100 is applied, for example, as a bridge 
apparatus having a bridge function, such as a router used in a 
home. The communication interface coupling apparatus 100 
is connected to a communication interface coupling appara 
tus 200 having a similar structure directly or indirectly via a 
communication path of a relay section 150. 

Similarly, the communication interface coupling apparatus 
200 includes: a control section 205 for at least performing 
communication control; a primary communication interface 
(i.e., a primary IF) 206 that is connected to a primary com 
munication network 220 such as the Internet; and two relay 
communication interfaces (a relay IF-A 207 and a relay IF-B 
208). In this case, the relay IF-A 107 of the communication 
interface coupling apparatus 100 communicates with the 
relay IF-A 207 of the communication interface coupling 
apparatus 200, while the relay IF-B 108 of the communica 
tion interface coupling apparatus 100 communicates with the 
relay IF-B 208 of the communication interface coupling 
apparatus 200. 

In this embodiment of the present invention, the control 
section 105 of the communication interface coupling appara 
tus 100 acquires tra?ic information concerning the primary 
communication interface (i.e., the primary IF 106) (as indi 
cated by a broken-line arrow in the ?gure), and, based on the 
traf?c information, dynamically varies a transfer allocation 
ratio, i.e., a ratio of allocation between the relay communica 
tion interfaces (i.e., the relay IF-A 107 and the relay IF-B 
108). Meanwhile, the control section 205 of the communica 
tion interface coupling apparatus 200 acquires traf?c infor 
mation concerning the primary communication interface 
(i.e., the primary IF 206) (as indicated by a broken-line arrow 
in the ?gure), and, based on the tra?ic information, dynami 
cally varies a transfer allocation ratio between the relay com 
munication interfaces (i.e., the relay IF-A 207 and the relay 
IF-B 208). 

Next, referring to FIG. 2, an exemplary internal structure of 
the communication interface coupling apparatus 100 will 
now be described below. Note that because the communica 
tion interface coupling apparatus 200 has a similar structure, 
illustration and description thereof are omitted. 

In FIG. 2, the communication interface coupling apparatus 
100 includes the control section 105, the primary communi 
cation interface (i.e., the primary IF) 106, and the two relay 
communication interfaces, i.e., the relay IF-A 107 and the 
relay IF-B 108, as described above. The control section 105 
includes a central processing unit (CPU) 101, a read-only 
memory (ROM) 102, a random access memory (RAM) 103, 
and a storage device 104. 
The CPU 101 executes speci?ed program codes to perform 

centraliZed control over an overall operation of the commu 
nication interface coupling apparatus 100 with software pro 
cessing. The ROM 102 stores an initial boot program, initially 
activated data, and so on ?xedly. The RAM 103 is a main 
memory. The CPU 101 performs a variety of processes in 
accordance with a program in the RAM 103. The storage 
device 104 is formed by a hard disk, a large-capacity ?ash 
memory, any of a variety of memory cards, or the like. The 
storage device 104 is used to store a ?le of an additional 
software program, data, or the like, for example. 
The control section 105 at least has a function of measuring 

and acquiring the traf?c information such as the number of 
transmission/reception frames (the number of packets) or a 
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transfer rate at the primary communication interface (i.e., the 
primary IF) 106, and determining and controlling the alloca 
tion ratio betWeen the relay communication interfaces (i.e., 
the relay IF-A 107 and the relay IF-B 108) based on the tra?ic 
information and so on. 

Speci?c examples of the acquisition of the tra?ic informa 
tion include: measuring a transfer rate at Which frames (i.e., 
reception frames) are received from the network; measuring 
the number of reception frames transferred from the netWork 
to the relay communication interfaces through the primary 
communication interface; measuring a transfer rate at Which 
frames (i.e., transmission frames) are transmitted to the net 
Work; and measuring the number of transmission frames 
transmitted to the netWork through the primary communica 
tion interface. Here, the transmission frames and the recep 
tion frames are units for data communication. Instead of the 
number of frames, the number of packets may be measured 
for the acquisition of the tra?ic information, for example. 

The control of the transfer allocation ratio betWeen the 
relay communication interfaces (i.e., the relay IF-A 107 and 
the relay IF-B 108) may be performed by referring to ?uc 
tuation of the traf?c information only, for example. Alterna 
tively, it may be so arranged that the transfer allocation ratio 
starts With an arbitrary initial value and is caused to increase 
or decrease recursively based on a change in the ?uctuation of 
the traf?c information. For example, the transfer allocation 
ratio may be controlled in such a manner that When a tra?ic 
volume of the primary communication interface (i.e., the 
primary IF 106) has increased after the transfer allocation 
ratio betWeen the relay communication interfaces Was varied 
in one direction, the transfer allocation ratio is varied in the 
same direction the next time the transfer allocation ratio is 
varied, Whereas When the traf?c volume of the primary com 
munication interface has decreased after the transfer alloca 
tion ratio Was varied in one direction, the transfer allocation 
ratio is varied in the opposite direction the next time the 
transfer allocation ratio is varied. Alternatively, the transfer 
allocation ratio betWeen the relay communication interfaces 
may be determined based on the siZe of the reception frames 
as received by the primary communication interface (i.e., the 
primary IF 106). Still further, the allocation ratio may be 
determined at random When it takes a long time until optimum 
tra?ic is achieved, for example. 

Note that the internal structure of the control section 105 is 
not limited to the structure as illustrated in FIG. 2, and that the 
control section 105 does not need to include all the blocks as 
illustrated in FIG. 2 as long as an equivalent function is 
ful?lled. For example, all the blocks as illustrated in FIG. 2 
may be integrated into a single integrated circuit, and this 
single integrated circuit may be adopted as the control section 
105. 
As the primary communication interface (i.e., the primary 

IF) 106, a Wired LAN interface, such as an Ethernet (regis 
tered brand) interface, may be used, for example. As the relay 
communication interfaces (i.e., the relay IF-A 107 and the 
relay IF-B 108), a poWer line communication (PLC) inter 
face, an IEEE 802.1l-compliant Wireless LAN interface, or 
the like may be used. 
A communication system using the poWer line communi 

cation exhibits different behaviors depending on a structure 
of a building in Which the communication is performed, and 
is subject to in?uence of noise caused due to a life rhythm. As 
such, the communication interface coupling apparatus as the 
bridge apparatus according to this embodiment of the present 
invention is con?gured to perform the communication using 
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6 
a composite bridge function of relaying the communication 
using combined media of a Wireless transmission path and a 
poWer line transmission path. 

Wireless communication is subject to in?uence of interfer 
ence from another system that uses an identical frequency 
channel. In addition, in the Wireless LAN, transmission out 
put is limited because of legal regulations related to radio 
Waves and in order to avoid interference With another system, 
for example, and thus a communication range is limited and 
communication betWeen different rooms may be impossible 
because of presence of a Wall therebetWeen. MeanWhile, in 
the case of the poWer line communication, an existing facility 
can be used to realiZe communication betWeen different 
rooms, but the poWer line communication exhibits different 
behaviors depending on the structure of the building, and is 
subject to the in?uence of the noise (e. g., noise cased by 
plugging in and out of a cord, use of a dryer, etc.) caused due 
to the life rhythm. 

In contrast, in the communication system that relays data 
transfer using the communication interface coupling appara 
tuses connected to each other via tWo or more transmission 
media, the communication interface coupling apparatus is 
capable of, by combining or selecting the transmission media, 
realizing e?icient data transfer While alloWing high-speed 
communication and securing high communication quality in 
accordance With a transfer mode and a communication con 
dition. If the communication interface coupling apparatus 
allocates pieces of data to be transferred to the Wireless trans 
mission path and the poWer line transmission path alternately, 
a transfer speed Will be increased as compared to When only 
one of the transmission media is employed. Such a manner of 
data transfer is therefore suitable for download of large-size 
data, such as high de?nition video signals, from a server to an 
information terminal, for example, and also for applications 
that require isochronous transfer, such as video streaming. 

In addition, it is possible to more easily determine, from 
among the plurality of relay communication interfaces, the 
path to Which the data should be transmitted, and control the 
allocation of the data betWeen the relay communication inter 
faces in order to secure higher communication quality. In this 
case, Without the need to acquire the tra?ic information con 
cerning each of the relay interfaces individually, the tra?ic 
information concerning the primary interface alone is 
acquired, and based on this tra?ic information, the transfer 
allocation ratio betWeen the relay communication interfaces 
is dynamically varied so as to achieve appropriate allocation, 
Whereby higher communication quality is secured. That is, 
the transfer allocation ratio betWeen the relay communication 
interfaces is varied, and a resulting change in, for example, 
the tra?ic volume of the primary interface is checked, and 
based on this change, the direction in Which the transfer 
allocation ratio is varied is controlled so that the traf?c vol 
ume Will increase. This control is performed recursively, 
Whereby the transmission/reception frames are allocated 
appropriately betWeen the relay communication interfaces. 

FIG. 3 is a block diagram illustrating a speci?c example of 
a communication interface coupling apparatus that employs a 
Wired LAN IF 116, such as an Ethernet (registered brand) 
interface, as the primary communication interface (i.e., the 
primary IF), and employs a poWer line communication (PLC) 
IF 117 and a Wireless LAN IF 118 as the relay communication 
interfaces (i.e., the relay IF-A and the relay IF-B). A control 
section 115 as shoWn in FIG. 3 acquires the traf?c informa 
tion, such as the number of transmission/reception frames 
(the number of packets) or the transfer rate, concerning the 
Wired LAN IF 116 (as indicated by a broken-line arroW in the 
?gure), and performs relay control of controlling the transfer 
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allocation ratio between the power line communication 
(PLC) IF 117 and the wireless LAN IF 118 based on this 
tra?ic information. The power line communication (PLC) IF 
117 is connected to a commercial AC socket 131 so as to be 
capable of communicating with a power line communication 
(PLC) IF of another communication interface coupling appa 
ratus, whereas the wireless LAN IF 118 is connected to a 
wireless antenna 132 so as to be capable of communicating 
with a wireless LAN IF of the other communication interface 
coupling apparatus. 

Returning to FIG. 1, the case where frames (packets) are 
transmitted from the network 120 to the network 220 as 
shown in FIG. 1 will now be described below. The frames 
from the network 120 are received by the primary communi 
cation interface (i.e., the primary IF 106) in the communica 
tion interface coupling apparatus 100, and each of the frames 
is transferred to one of the two relay communication inter 
faces (i.e., the relay IF-A 107 and the relay IF-B 108). At this 
time, the transfer allocation ratio for the frames is determined 
and controlled based on the tra?ic information supplied from 
the primary communication interface (i.e., the primary IF 
106) as described above. Then, the frames are transferred 
from the relay IF-A 107 and the relay IF-B 108 to the corre 
sponding relay communication interfaces (i.e., the relay IF-A 
207 and the relay IF-B 208, respectively) in the communica 
tion interface coupling apparatus 200 through the relay sec 
tion 150. The frames received by the relay IF-A 207 and the 
relay IF-B 208 are transferred to the primary communication 
interface (i.e., the primary IF 206) and then transmitted to the 
network 220. The transmission of the frames (packets) from 
the network 220 to the network 120 is performed in a similar 
manner. That is, the frames are received by the primary IF 206 
in the communication interface coupling apparatus 200, and 
each of the frames is transferred to one of the relay IF-A 207 
and the relay IF-B 208. Then, the frames are transferred from 
the relay IF-A 207 and the relay IF-B 208 to the relay IF-A 
107 and the relay IF-B 108, respectively, in the communica 
tion interface coupling apparatus 100 through the relay sec 
tion 150. Then, the frames received by the relay IF-A 107 and 
the relay IF-B 108 are transferred to the primary IF 106 and 
then transmitted to the network 120. 

FIG. 4 is a ?owchart illustrating an exemplary operation of 
controlling the frame transfer allocation ratio between the 
relay interfaces. This operation of controlling the transfer 
allocation ratio is typically activated periodically, but may be 
activated based on some trigger or at random. 

Referring to FIG. 4, if the operation of controlling the 
frame transfer allocation ratio is activated, the traf?c infor 
mation (e.g., the number of frames transmitted or received, 
the transfer rate, etc.) concerning the primary interface (i.e., 
the primary IF) is acquired at step S11. Based on this tra?ic 
information, it is determined whether end-to-end tra?ic (i.e., 
tra?ic between connection terminals of each communication 
interface coupling apparatus to the network) is good with the 
current frame transfer allocation ratio. If the end-to-end traf 
?c is good, the current frame transfer allocation ratio is main 
tained, whereas if the end-to-end tra?ic is poor, the frame 
transfer allocation ratio is varied. That is, while the change in 
the end-to -end tra?ic is checked each time the frame transfer 
allocation ratio is varied, the optimum frame transfer alloca 
tion ratio is aimed at recursively. In the case where the end 
to-end tra?ic has been determined to be poor based on the 
tra?ic information and the frame transfer allocation ratio is to 
be varied, the control of the frame transfer allocation ratio is 
performed in the following manners, for example. One exem 
plary manner of the control of the frame transfer allocation 
ratio is as follows: if the end-to-end traf?c has become poor as 
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8 
a result of varying the transfer allocation ratio in one direc 
tion, the transfer allocation ratio is varied in the opposite 
direction. Another manner of the control of the frame transfer 
allocation ratio is as follows: the transfer allocation ratio is set 
at random. The latter manner is suitable when the former 
manner, where the allocation ratio is varied in one or the other 
direction recursively, does not work well. The latter manner is 
also suitable for a trial mode when there is a desire to achieve 
the optimum allocation ratio quickly. Steps S12 to S15 in FIG. 
4 represent a speci?c example of the former manner. 
At step S12, it is determined whether or not the optimum 

traf?c has been achieved. The achievement of the optimum 
traf?c is determined, for example, when a change in the traf?c 
volume as derived from the above traf?c information falls 
within a predetermined range, or when the tra?ic volume has 
alternately increased and decreased for longer than a prede 
termined period of time as a result of the variations of the 
transfer allocation ratio in accordance with the traf?c infor 
mation. When the optimum tra?ic has been achieved (Yes at 
step S12), this operation is ?nished without varying the allo 
cation ratio. Meanwhile, when the optimum tra?ic has not 
been achieved (No at step S12), control proceeds to step S13, 
and it is determined whether or not the tra?ic has increased. 

If it is determined at step S13 that the traf?c volume has 
increased (Yes), control proceeds to step S14, and the transfer 
allocation ratio between the relay interfaces is varied in the 
same direction as that in which the transfer allocation ratio 
was varied the last time. Speci?cally, in the case where the 
transfer allocation ratio was varied the last time in such a 
direction that a greater percentage of frames would be trans 
ferred to one relay interface (e.g., the relay IF-A) and a 
smaller percentage of frames would be transferred to the other 
relay interface (e.g., the relay IF-B), the transfer allocation 
ratio is varied this time in the same direction again, so that a 
still greater percentage of frames will be transferred to the 
relay IF-A and a still smaller percentage of frames will be 
transferred to the relay IF-B. 

Meanwhile, if it is determined at step S13 that the traf?c 
volume has not increased (No), control proceeds to step S15, 
and the transfer allocation ratio between the relay interfaces is 
varied in the opposite direction to that in which the transfer 
allocation ratio was varied the last time. Speci?cally, in the 
case where the transfer allocation ratio was varied the last 
time in such a direction that a greater percentage of frames 
would be transferred to one relay interface (e.g., the relay 
IF-A) and a smaller percentage of frames would be trans 
ferred to the other relay interface (e.g., the relay IF-B), the 
transfer allocation ratio is varied this time in the opposite 
direction, so that a smaller percentage of frames will be 
transferred to the relay IF-A and a greater percentage of 
frames will be transferred to the relay IF-B. 

FIGS. 5A to 5C are time charts illustrating an example of 
the operation of the ?owchart as shown in FIG. 4. FIG. 5A 
shows the tra?ic volume of the primary interface (i.e., the 
primary IF), FIG. 5B shows the percentage of the frames 
allocated to one of the relay interfaces (e.g., the relay IF-A), 
and FIG. 5C shows the percentage of the frames allocated to 
the other relay interface (e. g., the relay IF-B). 

Referring to FIGS. 5A to SC, at time t0, when the transfer 
allocation ratio between the relay IF-A and the relay IF-B has 
been 1:1, the percentage of the frames allocated to the relay 
IF-A is varied from 50% to 60%, and the percentage of the 
frames allocated to the relay IF-B is varied from 50% to 40%. 
As a result, the tra?ic volume increases as shown in FIG. 5A. 
Then, at time t1, when the operation of controlling the transfer 
allocation ratio as shown in FIG. 4 is activated next time, the 
determination ofYes is made at step S13 in FIG. 4 because the 
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tra?ic volume has increased, and accordingly, control pro 
ceeds to step S14, and the transfer allocation ratio betWeen the 
relay interfaces is varied in the same direction as that in Which 
the transfer allocation ratio Was varied the last time. In the 
example as illustrated in FIGS. 5B and 5C, the percentage of 
the frames allocated to the relay IF-A is increased to 70%, 
While the percentage of the frames allocated to the relay IF-B 
is decreased to 30%. As a result, the traf?c volume increases 
as shoWn in FIG. 5A. Then, at time t2, When the operation of 
controlling the transfer allocation ratio is activated next time, 
the determination of Yes is made at step S13 because the 
tra?ic volume has increased, and accordingly, control pro 
ceeds to step S14, and the transfer allocation ratio betWeen the 
relay interfaces is varied in the same direction as that in Which 
the transfer allocation ratio Was varied the last time. In the 
example as illustrated in FIGS. 5A to SC, the percentage of 
the frames allocated to the relay IF-A is increased to 80%, 
While the percentage of the frames allocated to the relay IF-B 
is decreased to 20%. As a result, the tra?ic volume decreases 
as shoWn in FIG. 5A. 

Then, at time t3, When the operation of controlling the 
transfer allocation ratio is activated next time, the determina 
tion of No is made at step S13 in FIG. 4 because the tra?ic 
volume has decreased, and accordingly, control proceeds to 
step S15, and the transfer allocation ratio betWeen the relay 
interfaces is varied in the opposite direction to that in Which 
the transfer allocation ratio Was varied the last time (i.e., at 
time t2). In the example as illustrated in FIGS. 5B and 5C, at 
time t3, the percentage of the frames allocated to the relay 
IF-A is decreased to 70%, While the percentage of the frames 
allocated to the relay IF-B is increased to 30%.As a result, the 
traf?c volume increases as shoWn in FIG. 5A. Then, at time t4, 
When the operation of controlling the transfer allocation ratio 
is activated next time, the determination ofY es is made at step 
S13 because the tra?ic volume has increased, and accord 
ingly, control proceeds to step S14, and the transfer allocation 
ratio betWeen the relay interfaces is varied in the same direc 
tion as that in Which the transfer allocation ratio Was varied 
the last time (i.e., at time t3). In this case, because the per 
centage of the frames allocated to the relay IF-A Was 
decreased and the percentage of the frames allocated to the 
relay IF-B Was increased the last time (i.e., at time t3), the 
percentage of the frames allocated to the relay IF-A is 
decreased to 60% and the percentage of the frames allocated 
to the relay IF-B is increased to 40% at time t4 in the example 
as illustrated in FIGS. 5B and 5C. As a result, the tra?ic 
volume decreases as shoWn in FIG. 5A. 

Then, at time t5, When the operation of controlling the 
transfer allocation ratio is activated next time, the determina 
tion of No is made at step S13 in FIG. 4 because the tra?ic 
volume has decreased, and accordingly, control proceeds to 
step S15, and the transfer allocation ratio betWeen the relay 
interfaces is varied in the opposite direction to that in Which 
the transfer allocation ratio Was varied the last time (i.e., at 
time t4). In the example as illustrated in FIGS. SE to SC, the 
percentage of the frames allocated to the relay IF-A is 
increased to 70%, While the percentage of the frames allo 
cated to the relay IF-B is decreased to 30%. 

Note that, if the transfer allocation ratio has been increased 
and decreased alternately for longer than a predetermined 
period of time as a result of the above control operation, it 
may be determined that the optimum tra?ic has been 
achieved, i.e., the determination of Yes may be made at step 
S12 in FIG. 4, so that the control operation is ?nished Without 
further varying the transfer allocation ratio. 

According to the above-described embodiment of the 
present invention, in the communication apparatus (i.e., the 
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10 
communication interface coupling apparatus) that has a plu 
rality of relay interfaces Whose communication quality is not 
necessarily steady, it is possible to determine the appropriate 
path to Which the data should be transmitted more easily, i.e., 
only by acquiring the tra?ic information concerning the pri 
mary communication interface Without the need to detect the 
traf?c information concerning the plurality of physical inter 
faces (i.e., the relay communication interfaces) individually, 
in order to secure higher communication quality. This Will 
lead to an increase in end-to-end throughput. 

Next, another example of the control of the frame transfer 
allocation ratio based on the tra?ic information Will noW be 
describedbeloW. In this example, the siZe of the frames (pack 
ets) is used. That is, as the traf?c information concerning the 
primary communication interface (i.e., the primary IF), the 
siZe of the communication frames (packets) is acquired, and 
the transfer allocation ratio is controlled in accordance With 
the siZe of the frames as detected. Speci?cally, a table is 
prepared in Which a plurality of transfer allocation ratios 
betWeen the tWo relay interfaces are set so as to be associated 
With communication frame siZes, and the transfer allocation 
ratio is controlled in accordance With the siZe of the frames 
supplied from the primary communication interface (i.e., the 
primary IF) With reference to the table. The plurality of trans 
fer allocation ratios associated With the frame siZes as set in 
the table are as folloWs, for example: 

Frame siZes of1 to 100 bytes 1:1 
Frame siZes of 101 to 500 bytes 4:3 
Frame siZes of 501 to 1000 bytes 4:1 
Frame siZes of 1001 to 1500 bytes 5:1 

The above table is simply one example of such a table. As 
noted previously, the transfer allocation ratio may be varied 
dynamically. 
The setting of the plurality of transfer allocation ratios 

associated With the different frame siZes is suitable for the 
case Where frames With a particular siZe are allocated appro 
priately betWeen the tWo relay interfaces having different 
attributes and characteristics. 

For example, suppose that one of the relay interfaces has a 
high physical rate (data transfer rate) but involves a relatively 
long delay, While the other relay interface has a loW physical 
rate but involves a short delay. In this case, When packets With 
a small siZe, e.g., about 80 bytes, such as acknowledge (Ack) 
packets in the transmission control protocol (TCP) standard, 
are transferred, for example, it is preferable that the percent 
age of the packets allocated to the latter relay interface be 
high, because loW delay and high responsivity are desirable. 
On the other hand, When packets With a large siZe, e. g., close 
to 1500 bytes, Which is the maximum data siZe in the TCP 
standard, are transferred, it is preferable that the percentage of 
the packets allocated to the former relay interface be high. 

It is assumed here that the relay interfaces are the poWer 
line communication (PLC) IF and the Wireless LAN IF, for 
example. While there are a variety of knoWn standards for the 
Wireless LAN IF, the poWer line communication (PLC) IF is 
generally capable of transferring packets With larger siZes, 
i.e., has a higher physical rate (data transfer rate), and 
involves a longer delay than the Wireless LAN IF. Therefore, 
When the packets With small siZes, such as the Ack packets in 
the TCP standard, are transferred, it is preferable that the 
percentage of the packets allocated to the Wireless LAN IF be 
high, in order to increase the responsivity, Whereas When the 
packets With a large siZe are transferred, it is preferable that 
the percentage of the packets allocated to the poWer line 
communication (PLC) IF be high. 
As described above, in accordance With the communica 

tion frame siZe as obtained from the primary interface, the 
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transfer allocation ratio is controlled so as to be adapted to 
combined characteristics of the tWo relay interfaces. As a 
result, higher communication quality is secured, and data 
transfer throughput Will be increased. 

The communication control method as described above 
can be implemented as a program for causing a computer to 
perform each step, and also may be provided as a computer 
readable storage medium having such a program stored 
therein. 

It should be understood by those skilled in the art that 
various modi?cations, combinations, sub-combinations and 
alterations may occur depending on design requirements and 
other factors insofar as they are Within the scope of the 
appended claims or the equivalents thereof. 
What is claimed is: 
1. A communication control method employed by a com 

munication apparatus including a primary communication 
interface and a plurality of relay communication interfaces 
and having a communication interface coupling function of 
transferring a transmission/reception frame of the primary 
communication interface through one of the plurality of relay 
communication interfaces, the method comprising the steps 
of: 

acquiring traf?c information concerning the primary com 
munication interface; and 

using a control device having a central processing unit to 
dynamically vary a transfer allocation ratio betWeen the 
plurality of relay communication interfaces based on the 
traf?c information so as to increase a traf?c volume 
through the primary communication interface. 

2. The communication control method according to claim 
1, Wherein the transfer allocation ratio is varied recursively 
based on the tra?ic information concerning the primary com 
munication interface. 

3. The communication control method according to claim 
1, Wherein, 

the primary communication interface is a Wired LAN inter 
face, and 

the plurality of relay communication interfaces include a 
poWer line communication interface and a Wireless LAN 
interface. 

4. The communication control method according to claim 
1, Wherein the transfer allocation ratio is varied at random. 

5. The communication control method according to claim 
1, Wherein the transfer allocation ratio is varied to different 
ratios depending on a siZe of the transmission/reception 
frame obtained as the tra?ic information concerning the pri 
mary communication interface. 

6. A communication control method employed by a com 
munication apparatus including a primary communication 
interface and a plurality of relay communication interfaces 
and having a communication interface coupling function of 
transferring a transmission/reception frame of the primary 
communication interface through one of the plurality of relay 
communication interfaces, the method comprising the steps 
of: 

acquiring traf?c information concerning the primary com 
munication interface; and 
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using a control device having a central processing unit to 

dynamically vary a transfer allocation ratio betWeen the 
plurality of relay communication interfaces based on the 
traf?c information, 

Wherein the transfer allocation ratio is varied recursively 
based on the traf?c information concerning the primary 
communication interface, and 

Wherein, 
When a traf?c volume of the primary communication inter 

face has increased after the transfer allocation ratio 
betWeen the plurality of relay communication interfaces 
is varied, the transfer allocation ratio is varied next time 
in the same direction as that in Which the transfer allo 
cation ratio Was varied the last time, and 

When the tra?ic volume of the primary communication 
interface has decreased after the transfer allocation ratio 
betWeen the plurality of relay communication interfaces 
is varied, the transfer allocation ratio is varied next time 
in an opposite direction to that in Which the transfer 
allocation ratio Was varied the last time. 

7. A communication apparatus, comprising: 
a primary communication interface; 
a plurality of relay communication interfaces; and 
a control device to acquire tra?ic information concerning 

said primary communication interface, and dynamically 
vary a transfer allocation ratio betWeen said plurality of 
relay communication interfaces based on the traf?c 
information so as to increase a traf?c volume through the 
primary communication interface, 

the communication apparatus having a communication 
interface coupling function of transferring a transmis 
sion/reception frame of said primary communication 
interface through one of said plurality of relay commu 
nication interfaces. 

8. A communication system, comprising 
tWo or more communication apparatuses, 
each of said tWo or more communication apparatuses 

including 
a primary communication interface, 
a plurality of relay communication interfaces, and 
a control device to acquire tra?ic information concerning 

the primary communication interface, and dynamically 
vary a transfer allocation ratio betWeen the plurality of 
relay communication interfaces based on the traf?c 
information so as to increase a traf?c volume through the 
primary communication interface, 

each of said tWo or more communication apparatuses hav 
ing a communication interface coupling function of 
transferring a transmission/reception frame of the pri 
mary communication interface through one of the plu 
rality of relay communication interfaces, 

each of the plurality of relay communication interfaces of 
each of said tWo or more communication apparatuses 
being connected to a corresponding one of the plurality 
of relay communication interfaces of another of saidtWo 
or more communication apparatuses. 


